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(57) Abstract 



The invention provides an antibody specific for carcinoembryonic antigen (CEA) which has a dissociation constant (Kd) of less than 
5.0 nM for said antigen. The antibody is generally a single chain Fv (scFv) antibody. The antibody was initially obtained by screening a 
bacteriophage library for phage expressing high affinity CEA antibody. The antibody is useful for diagnosis and therapeutic treatment of 
colorectal tumours. 
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ANTIBODY AGAINST CARCIONEMBRYONIC ANTIGEN (CEA). 

The present' invention relates to antibodies against 
' carcinoembryonic antigen (CEA) and their use in diagnosis 

5 and therapy. 

CEA is an antigen which is expressed on tumours such as 
colorectal tumours and is therefore a marker for tumour 
cells. Various tumour cell markers are known in the art 

10 and it has been proposed that therapy against these tumours 
can be achieved by targeting agents against these markers. 
Usually, the agent is an antibody or fragment thereof which 
has been linked to a cytotoxic agent or to an enzyme 
capable of converting a pro-drug into an active cytotoxic 

15 agent. 

Alternatively,, the antibodies can be linked to imaging 
agents. This is useful in the diagnosis and prognosis of 
conditions which involve the expression of a tumour cell 
20 marker. 

The use of cell surface markers as target agents has been 
reviewed by Begent, 1990 (see ref 1 below) . 

25 There are two main criteria to consider . when selecting an 
antibody suitable for use in targeted ant i- tumour 
therapies. It is desirable . that the antibody has a good 
affinity for its target antigen. This is required so that 
once the antibody has reached its target, it remains bound 
to that target for long enough to achieve the desired 
result, for example cytotoxicity. 



30 



In addition, the antibody should have good specificity for 
the target antigen so that binding to non- target antigens 
3 5 does not occur to any significant extent. 
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Many antibodies are produced on a commercial scale by 
recombinant means. This usually involves expression of the 
antibody in a host cell such as E . coli or yeast . It is 
therefore desirable thait the antibody is encoded by a 
5 nucleic acid' sequence which is capable of high levels of 
expression in a host cell. For reasons that are still not 
well understood some recombinant nucleic acid sequences can 
be expressed less well than others by particular types of 
cells. 

10 

CEA has been used as a marker antigen for cancer imaging 
(ref 8) and therapy (refs 9-13) . A large number of CEA 
antibodies with different specificities and affinities are 
known (ref 7) . One antibody which is widely used in the 
15 art against CEA is A5B7 . This antibody is useful in 
imagingf and therapy, and has been used in human trials 
(refs 9/ 12, 13) . Although many antibodies to CEA exist, 
che A5B7 antibody has to date been considered the most 
promising. 

20 

We have now found that it is possible to obtain antibody of 
good specificity and considerably greater affinity to CEA 
that A5B7 (about 10 times greater affinity) . The antibody 
has proved superior in tumour localisation in vivo to A5B7, 

25 and a higher proportion and amount of the antibody is 
localised to tumour rather than to other body tissues. A 
clinical trial of tumour imaging with the antibody has 
begun with successful tumour localisation in 8 patients 
with colorectal carcinoma. No non-specific antibody 

30 localisation was seen. 

The antibody was initially obtained from a bacteriophage 
library. Antibody genes were inserted into bacteriophage 
and the resulting library of 10'' phage was screened for 
3 5 expression of antibody against CEA. Genes encoding the 
desired antibody were selected and the genes were expressed 
in bacteria . 



PCT/GB94/02658 



jiiimiiii iiiui sillily . nil iiiiyiuiiiihi uii iiiii i^biii y li n.iiiiiiuii iiii. 



wo 95/15341 PCT/GB94/02658 



In a first embodiment, the invention provides an antibody 
specific for CEA. which has a dissociation constant (Kd) of 
less than 5.0 nM, The antibody generally has a 

dissociation constant of from 0.5 to 5.0 nM, for example a 
5 dissociation constant of 2.5 +/-.1.3 nM. Preferably the 
antibody will bind competitively for the epitope on CEA 
recognised by the MFE-23 antibody described below. 

The specificity of the antibody is preferably such that it 
10 binds, to human colorectal adenocarcinoma but does not bind 
to some or all of the following normal tissues: liver, 
kidney, large intestine, tonsil, lung, brain, testis, 
ovary, cervix, breast, blood films, placenta, spleen, 
thyroid, oesophagus, stomach, pancreas, lymph node and 
15 skeletal muscle. This is in contrast to many CEA 
antibodies which commonly show cross reaction with a 
variety of normal tissues (see ref 7). 



20 



The term "antibody" is used herein to include complete 
antibodies (i.e* antibodies having two heavy and two light 
chains) as well as fragments of antibodies which contain an 
antigen binding site, such as Fab, F(ab')2/ Fv and single 
chain Fv (scFv) fragments. However, the antibody according 
to the invention is preferably an scFv antibody. scFvs are 
25 composed of an antibody variable light chain (VL) linked to 
a variable heavy chain (VH) by a flexible linker. scFvs 
are able to bind antigen and can be rapidly produced in 
bacteria. It has also now been found that scFvs exhibit 
superior tumour localisation and therefore of fer advantages 
30 for in vivo use. 

A particularly preferred antibody according to the 
invention is the MFE-23 antibody shown in Figure 3 (SEQ ID 
No. 2) . The sequence of MFE-23 may be used to design other 
35 antibodies of similar specificity. In particular, the 
sequence may be . used to design antibodies having the 
complementarity determining regions (CDRs) of MFE-23. 
These regions are shown' at the following locations in 
Figure 3 (SEQ ID No: 2) : Gly 52 to His 61, Trp 76 to Glu 
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85, Gly 125 to Tyr 135, Ser 185 to His 194, Ser 210 to Ser 
216 and Gin 249 to Thr 257. The sequence of MFE-23 may 
also be used to design a;n antibody having a VH chain region 
of the sequence from Gin 27 to Ser 146 of Figure 3 (SEQ ID 
5 No: 2) and a VL, chain region of the sequence from Glu 162 
to Lys 267 of Figure 3 (SEQ ID No: 2) . It is also possible 
to make an antibody having a variable (V) region of the 
sequence from Gin 27 to Lys 2 67 of Figure 3 (SEQ ID No: 2) , 
A humanised antibody with CDRs of MFE-23 may be made, for 
10 example in accordance with the methods disclosed in EP-A- 
0239400 (Winter) . 

In addition, it is possible to design antibodies comprising 
CDR sequences which are at least 60% identical to the CDR 

15 sequences from Figure 3 (SEQ ID No: 2) defined above. Such 
antibodies preferably comprise sequences at least 8 0%, more 
preferably at least 90% or even 95% identical to the 
sequences from Figure 3 (SEQ ID No: 2) . These antibodies 
must retain the high affinity and specificity for CEA of 

2 0 the antibodies containing sequences identical to sequences 
from Figure 3 (SEQ ID No: 2). In general, the 

physiochemical nature of the sequences from Figure 3 should 
be preserved in the antibodies containing modified 
sequences . The amino acids in the modified sequences 

25 should generally be similar in charge, 
hydrophobicity/hydrophilicity and size. Candidate 
substitutions are those in which an amino acid from one of 
the following groups is replaced by a different amino acid 
from the same group : 

30 

H, R and K 

I, L, V and M 
A, G, S and T 
D, E, P and N 

35 

Further, the sequence of MFE-23 may be used to make 
diabodies, i.e. bivalent or bispecific antibody fragments 
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which bind to two different antigens. For example, a 
diabody bispecific for CEA and CD16 has been constructed 
from MFE-23 and anti-CD16 antibody V genes derived from 
hybridoma 3G8 (ref 25) . Such diabodies promise to be 
powerful reagents to target cell destruction utilising 
natural cellular effector mechanisms. 

The antibody according to the invention may be linked to an 
antitumour agent or a detectable label. This allows the 
antibody to target the antitumour agent or detectable label 
to the tumour and hence allows damage/destruction or 
detection of the tumour. Thus, the antibody is suitable 
for use in a method of treatment of the human or animal 
body by therapy or surgery (e.g. radioimmunoguided 
15 surgery) , or in a method of diagnosis practised on the 
human or animal body. In particular, the antibody is 
suitable for use in treatment by surgery or therapy of "a 
colorectal tumour, or in diagnosis of a colorectal tumour. 
A review of use of antibodies in diagnosis and therapy is 

2 0 provided by ref 26. 

The antitumour agent linked to the antibody may be any 
agent that destroys or damages a tumour to which the* 
antibody has bound or in the environment of the cell to 
25 which the antibody has bound. For example, the antitumour 
agent may be a toxic agent such as a chemotherapeutic agent 
or a radioisotope, an enzyme which activates a prodrug or 
a cytokine. 

3 0 Suitable chemotherapeutic agents are known to those skilled 

in the art and include anthracyclines (e.g. daunomycin and 
doxorubicin) , methotrexate, vindesine, neocarzinostatin, 
cis-platinum, chlorambucil, cytosine arabinoside, 5- 
f luorouridine, melphalan, ricin and calicheamicin . The 
3 5 chemotherapeutic agents may be conjugated to the antibody 
using conventional methods (see e.g. ref 27) . 
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Suitable radioisotopes for use as antitumour agents are 



also known to those skilled in the art. For example, ^^^I 
or astatine such as ^^^At. may be used. These isotopes may 
be attached to the antibody using conventional techniques 
(see e.g. ref 11) . 

The antitumour agent which is attached to the antibody may 
also be an enzyme which activates a prodrug. This allows 
activation of an inactive prodrug to its active, cytotoxic 
form at the tumour site and is called "antibody-directed 
enzyme prodrug therapy" (ADEPT) . In clinical practice, the 
antibody-enzyme conjugate is administered to the patient 
and allowed. to localise in the region of the tumour to be 
treated. The prodrug is then administered to the patient 
so that conversion to the cytotoxic drug is localised in 
the region of the tumour to be treated under the influence 
of the localised enzyme. 

A preferred enzyme is bacterial carboxypeptidase G2 (CPG2) 
whose use is described in, for example, WO 88/07378. A 
conjugate between an antibody according to the invention 
and CPG2 shows good tumour localisation. The antibody- 
enzyme conjugate may if desired be modified in accordance 
with the teaching of WO 89/00427, in order to accelerate 
clearance from areas of the body not in the vicinity of a 
tumour. The antibody-enzyme conjugate may also be used in 
accordance with WO 89/00427, for example, by providing an 
additional component which inactivates the enzyme in areas 
of the body not in the vicinity of the tumour. 

The antitumour agent conjugated to the antibody may also be 
a cytokine such as interleukin-2 (IL-2) , interleukin-4 (IL- 
4) or tumour necrosis factor alpha (TNF-Okf) . The antibody 
targets the cytokine to the tumour so that the cytokine 
mediates damage to or destruction of the tumour without 
affecting other tissues. . The cytokine may be fused to the 
antibody at the DNA level, using conventional recombinant 
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DNA techniques. 

. The detectable label attached to the antibody may be an 
imaging agent for tumour imaging such as a short-lived 
5. radioisotope, for example ^^^In, ^^^I or ^^"'Tc. A review of 
cancer imaging with CEA antibodies is provided by ref 8. 

^^""Tc is a preferred imaging agent, mainly because it can be 
attached to an antibody at a position away from the antigen 

10 binding site and this gives improvements in tumour 
localisation, ^^"T?c may be linked to the antibody by a free 
Cys residue provided at or near the N- or C-terminus of the 
antibody. An antibody having such a free Cys residue may 
be prepared by recombinant DNA techniques, for example by 

15 making a vector encoding the antibody- Cys fusion and 
expressing the antibody-Cys fusion in a host cell such as 
a bacterial host cell. The Cys residue is typically at the 
terminus of the antibody but may, for example, be the 2nd 
to 20th residue from the terminus, 

20 . 

An antibody according to the invention containing a 
detectable label is useful for radioimmunoguided surgery 
(RIGS, refs 30 and 31) in addition to being useful for 
diagnosis of tumours. RIGS comprises administering a 

25 labelled antibody to a patient and thereafter surgically 
removing any tissue to which the antibody binds. Thus, the 
labelled antibody guides the surgeon towards tumour tissue 
and helps to distinguish from normal tissue. 

3 0 The antibody according to the invention may also be used 
for in vitro detection or quantitative determination of 
CEA. For example, the antibody may be used for enzyme- 
linked immunoassay (ELISA) , Western blotting or in situ 
detection of CEA in a tissue sample. Thus, the antibody 

35 may be used in a method for detecting or quantitatively 
determining CEA in a sample, which method comprises 
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(i) contacting the sample with a labelled antibody, 

and 

(ii) detecting or quantitatively determining labelled 
antibody bound to any CEA in the sample, 

5 

Typically, an ELISA method for detecting or quantitatively 
determining CEA in a sample using an antibody according the 
invention comprises 

10 (i) immobilising on a solid support an unlabelled 

antibody according to the invention, 

(ii) adding the sample such that any CEA in the sample 
is captured by the unlabelled antibody, 

(iii) adding a labelled antibody according to the 
15 invention, and 

(iv) detecting or quantitatively determining any bound 
labelled antibody. 

An antibody of the invention may also be employed 
20 histologically for in situ detection or quantitative 
determination of CEA, for example by immunofluorescence or 
immunoelectron microscopy. In situ detection or 

determination may be accomplished by removing a tissue 
specimen from a patient and allowing a labelled antibody to 

2 5 bind to any CEA in the specimen. Through use of such a 

procedure, it is possible to find not only the presence cf 
CEA but also its spatial distribution. 

An antibody of the invention may be used to purify CEA. 

3 0 Conventional methods of purifying an antigen using an 

antibody may be used. Such methods include 

immunoprecipitation and immunoaf f inity column methods. In 
an immunoaf f inity column method, an antibody in accordance 
with the invention is coupled to the inert matrix of the 
3 5 column and a sample containing CEA is passed down the 
column, such that CEA is retained. The CEA is then eluted. 
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The sample containing CEA used in the above detection, 
determination and purification methods may be a tissue 
specimen or a cell extract from a patient. Alternatively, 
the sample may be . one produced as a result of recombinant 
DNA procedures, e.g. an extract of a culture of host cells 
expressing CEA. 

The detectable label attached to the antibody for in vitro 
use may be a radioisotope (e.g. ^^P or ^^S) , biotin (which 
may be detected by avidin or steptavidin conjugated to 
peroxidase) , digoxigenin, alkaline phosphatase or a 
fluorescent label (e.g. fluorescein or rhodamine) . 

The invention includes a DNA molecule encoding an antibody 
15 according to the invention. The DNA molecule may, for 
example, comprise the sequence shown in Figure 3 (SEQ ID 
No: 1) , or the VH chain coding region from nucleotide 79 to 
nucleotide 438 of Figure 3 (SEQ ID No: 1) and the VL chain 
coding region from nucleotide 484 to nucleotide 801 of 
20 Figure 3 (SEQ ID No: 1) . 

A further embodiment of the invention provides vectors for 
the replication and expression of DNA encoding an antibody 
according to the invention. The vectors may be, for 

25 example, plasmid, virus or phage vectors provided with an 
origin of replication, optionally a promoter for the 
expression of the said DNA and operably linked to said DNA. 
"Operably. linked" refers to a juxtaposition wherein the 
promoter and the antibody coding sequence are in a 

30 relationship permitting the coding sequence to be expressed 
under the control of the promoter. The vector may also 
comprise a regulator of the promoter. The vector may 
contain one or more selectable marker genes, for example an 
ampicillin resistance gene in the case of a bacterial 

35. plasmid or a neomycin resistance gene for a mammalian 
vector. The vector may be used in vitro , for example for 
the production of RNA corresponding to the DNA, or used to 
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transfect or transform a host cell. 

The invention also provides host cells transformed or 
transfected with the vectors for the replication and 
5 expression of DNA encoding an antibody according to the 
invention. The cells will be chosen to be compatible with 
the vector and may for example be bacterial, yeast, insect 
or mammalian. Bacterial cells, particularly E. coli cells, 
are preferred because they allow high levels of antibody to 
10 the produced in soluble form. The invention includes a 
process for producing an antibody according to the 
invention, which process comprises 

(i) culturing a host cell as described above under 
15 conditions such that the antibody is expressed, and 

(ii) recovering the antibody from the culture. 

Jilthough this process is suitable for large scale 
production of an antibody according to the invention, it 

2 0 cannot of course be used to perform the initial isolation 

of the antibody. The initial isolation may be peirf ormed by 
screening a bacteriophage library for phage expressing CEA 
antibody- This system has been found to allow antibodies 
of greater affinity and higher specificity to be isolated. 
25 The isolation method generally comprises 

(i) selecting from a bacteriophage library a 
bacteriophage which expresses said antibody, 

(ii) infecting a bacterial host cell with the selected 

3 0 bacteriophage, 

(iii) culturing the host cell under conditions such that 
said antibody is expressed, and 

(iv) recovering said antibody from the culture. 



35 



The bacteriophage are generally filamentous bacteriophage. 
The bacterial host cell is generally an E. coli cell. 
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The bacteriophage library may be made by 

(a) immunizing an animal with CEA, 

(b) obtaining lymphocytes from the animal, 

(c) preparing cDNAs encoding antibody VH and VL regions 
from the mRNA of the lymphocytes, 

(d) joining VH and a VL coding regions by a sequence 
encoding a linker, and 

(e) inserting the joined regions into bacteriophage. 

The animal immunised with CEA in step (a) is suitably a 
mouse, rat, rabbit or. goat . In step (b) , the lymphocytes 
are typically obtained from the spleen for the animal. It 
is usually necessary to amplify the cDNAs encoding VH and 
VL regions produced in step (c) before they are joined in 
step (d) , The amplification may be carried out by 
polymerase chain reaction (PGR) . 

A method for purifying an antibody according to the 
invention to a level suitable for clinical use has been 
found. This method involves providing a His tag of at 
least three consecutive His residues at or near the N- or 
C-terminus of the antibody. The tag facilitates binding of 
the antibody to a solid support containing metal ions and 
hence allows the antibody to be separated from other 
components. Accordingly, the invention provides a method 
for purifying an antibody comprising a His tag from a 
biological liquid, which method comprises 

(i) contacting a solid support containing metal ions 
with the biological liquid under conditions such that the 
antibody binds to the support, 

(ii) removing biological liquid which is not bound to 
the support, and 

(iii) recovering the antibody from the support. 
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We have found that this method is superior to conventional 
methods for purifying antibodies such as immunoaf f inity and 
ion- exchange chromatography. In particular; (1) a higher 
yield of antibody is produced, (2) scale-up is simple and 
5 cheap, and (3) the risk of tumour derived antigen leaching 
from the support is eliminated. 

The length and position of the His tag in the antibody are 
chosen so as to optimise binding to metal ions without 

10 affecting antigen binding. The His tag may, for example, 
comprise from 3 to 20 His residues, preferably from 3 to 10 
His residues, most preferably 5 or 6 His residues. The His 
residue at the end of the tag sequence closest to the 
terminus of the antibody is preferably the 15ch or less, 

15 more preferably, the 5th or less, amino acid from the 
terminus. The tag may be engineered into the antibody 
using recombinant DNA techniques. 

The metal ions are generally transition metal ions, 
20 preferably transition metal ions carrying a 2+ charge such 
as Ni^*, Zn^* and Cu^*. Cu^* ions are preferred because they 
have been found to be highly effective in purifying the 
antibody. 

25 The solid support is preferably the matrix of an affinity 
column (e.g. an iminodiacetic acid (IDA) column) , although 
other supports such as beads may be used. When an affinity 
column is used, the biological liquid is loaded onto the 
column, unbound liquid is collected at the bottom, and 

3 0 bound antibody is then eluted from the column. When beads 
_are used, the biological liquid is contacted with the 
beads, the beads are separated from unbound liquid, and 
bound antibody is recovered from the beads. The biological 
liquid is generally liquid from a culture of host cells 

35 (^-g- bacterial cells) expressing the antibody. 
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The invention includes a pharmaceutical composition 
comprising an antibody according to the invention having an 
antitumour agent or detectable label attached thereto and 
a pharmaceutically acceptable carrier or diluent. In 
5 clinical use, the antibody will normally be administered' 
parenterally, e.g. intravenously or intraperitonealy . 
Thus, the pharmaceutical composition is normally one which 
is suitable for parenteral (e.g. intravenous or 
intraperitoneal) administration. Such a composition 

10 conveniently contains the antibody and isotonic saline or 
bicarbonate as diluent. The dose of antibody will 
ultimately be at the discretion of the physician, who will 
take account of factors such as the type of therapy or 
diagnosis and the weight, condition and age of the patient. 

15 Suitable doses of antibody are known in the art; see, for 
example, refs 9, 11, 13 and 29. A suitable dose may be 
from 0.01 to. 100 mg, preferably from 0.1 to 10 mg for a 
human patient. The antibody according to the invention can 
be used in a similar way to known CEA antibodies (refs 8- 

20 13) . 

The following Examples illustrate the invention. 
Brief Description of the Drawinaa 

25 

Figure 1 shows a method of producing an scFy fragment in 
phage. In step (i) , lymphocytes of an immunised mouse are 
used as a source of mRNA, and cDNA of antibody V-genes is 
prepared. In step (ii) , antibody V-genes are amplified by 

3 0 PGR from the cDNA and subsequently assembled with linker 
into scFv, In step, (iii) , linked V genes are cloned into 
phage and the gene products are displayed on the surface of 
the phage as scFv fragments. In step (iv) , phage which 
bind to CEA are selected by capture on streptavidin- coated 

35 magnetic beads. In step (v) , soluble scFv is produced in 
bacteria for clinical use. 
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Figure 2 shows the localisation of ^^^I-MFE23 in human 
colonic carcinoma xenografts. The images are gamma camera 
images at 2 9 hours (lower pair) and 3 5 hours (upper pair) 
after injection. 

Figure 3 shows the sequence of antibody MFE2 3 and the 
corresponding nucleotide sequence. The antibody sequence 
is believed to start . from about amino acid Gin 27, The 
locations of the CDRs, framework regions and linker are as 
follows: 
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to 
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Framework 
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to 
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Figures 4 and 5 show, in terms of injected activity per 
gram of tissue and tissue to blood ratios respectively, the 
biodistribution of antibodies MFE-23 and A5-SC after 24h 
and 4 8h in mice bearing human colorectal carcinoma 
xenografts. Antibody A5-SC is an scFv antibody derived 
from monoclonal antibody A5B7 . With respect to the tissues 
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tested, Li is liver, Ki is kidney, Lu is lung, Sp is 
spleen, Co is colon, Mu is muscle, Tu is tumour and Bl is 
blood. 

5 Figure 6 shows a pUC 119 construct used to clone MFE-cys. 
The vector contains a cysteine-histidine tag. The flexible 
linker consists of 15 amino acids (Gly 4 Ser)x3". The pelB 
signal sequence directs antibody fragments into the 
bacterial periplasm where they fold into antigen binding 
10 conformation^^. The nucleotide and amino acid sequences of 
Figure 6 are SEQ ID Nos . 5 and 6 respectively. 

Figure 7 shows the localisation in the LS174T colon 
xenograft of '^^Tc-MFE-cys and 1-125 MFE-23 : Results are 
15 expressed as percent injected activity per gram of tissue 
at 24 and 48h after injection. Blood (Bl) , Liver (Li) , 
Kidney (Ki) , Lung " (Lu) , Spleen (Sp) , Colon (Co), Muscle 
(Mu) , Femur (Fe) , and Tumour (Tu) . 4 mice per group. 
Bars : SD . 



20 



25 



30 



Figure 8 shows tissue to blood ratios of ^^™Tc -MFE-cys in 
LS147T colon xenograft . at 24 and 48h after injection: 
Liver (Li), Lung (Lu) , Spleen (Sp) , Colon (Co), Muscle 
(Mu) , Femur (Fe) and Tumour (Tu) . 4 mice per group. 

Figures 9 and 10 show the localisation in the LS174T colon 
xenograft of ^^sj MFE23-CPG2 and ^^^I CPG2 . Results are 
expressed as percent injected activity per gram of tissue 
at 24 hours (Figure 9) and 4 8 hours (Figure 10) . 



Figure 11 is a schematic representation of MFE-23 subcloned 
for expression containing 6 x His at the C-terminus. For 
antibody expression the vector contains a Pel B signal 
sequence which directs scFv into the bacterial periplasm; 
35 from here the scFv is released into the supernatant. 

* Denotes a stop codon . The nucleotide and amino acid 
sequences of Figure 11 are SEQ ID Nos. 7 and 8 resectively. 
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EXAMPLE 1: GENERATION OF AN ANTIBODY 

Insertion of antibody genes into filamentous bacteriophage 
makes it possible to generate and screen libraries of 10'^ 
or more antibodies. Each phage expresses an antibody on 
its surface and contains the corresponding antibody gene. 
Genes which encode antibodies with desired characteristics 
are readily selected and their antibodies, expressed as 
soluble proteins in Escherichia coli. This system has been 
used to produce an antibody to carcinoembryonic antigen 
with higher affinity and better tumour specificity than 
antibodies currently in use. The results suggest the phage 
system will be the method of choice for production- of 
antibodies of general diagnostic and therapeutic use. The 
content of this Example has been reported in ref 15 . 

Radiolabelled antibody to carcinoembryonic antigen (CEA) 
can be used to image colorectal tumours and may be useful 
for therapy if targeting efficiency can be improved^. 
Antibodies of higher affinity may achieve this^ and 
improved tumour specificity would also be of value. Phage 
technology is a new process for producing antibodies which 
is based on the display of functional antibody fragments on 
the surface of bacteriophage^ (for review see ref 4). 
Large libraries of such antibodies can be made and cloned 
antigen binding phage, obtained from these after a few 
rounds of (antigen driven) selection^. Phage technology 
also enables selection of antibodies with desired 
characteristics. For instance, high affinity antibodies 
and antibodies which dissociate slowly from their antigen 
may be isolated by manipulating the selection conditions^. 
The utility of the phage system is illustrated here by 
production of an antibody to CEA with improved 
characteristics for tumour targeting. 

Mice were immunised with CEA (as for. the production of 
conventional monoclonal antibodies) because mRNA from the 
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spleen of immunised animals is greatly enriched for the 
desired antibody genes and provides a convenient starting 
point. The antibody variable region genes were amplified 
from cDNA with specific primers and cloned as a single 
chain Fv (scFv) (VH and VL joined by a flexible linker) 
into bacteriophage vectors producing a library of lO'' 
members. The steps in this process are outlined in Figure 
1, Antibody with specificity for CEA was selected by 
allowing the phage library to bind biotinylated CEA and 
subsequently capturing bound phage with streptavidin coated 
beads^. The selected phage were amplified in number by 
infection and overnight growth in Escherichia coli. 
Several rounds of selection were performed and the progress 
monitored by phage ELISA^. A positive reaction with CEA 
was obtained after the first selection (O.D. 0.13 compared 
to 0.013 for the original library) and the strength of the 
signal increased with two successive rounds to O.D. 1.12:- 
At this point individual clones were examined by DNA 
sequencing: of 25 clones sequenced at least 9 different 
ones were, identified showing that there were different 
anti-CEA antibodies present. . To obtain a scFv which bound 
CEA at low concentrations (i.e. high affinity) we performed 
a further two rounds of selection using a low concentration 
of biotinylated CEA (5 nM) and then re-analysed the 
library. Thirty four of 50 of the individual clones were 
positive in ELISA and DNA sequencing revealed that the 5 
with the strongest ELISA signal were from the same clone. 
This clone was named MFE-23. 

MFE-23 was subcloned for expression as a soluble scFv 
linked to a C- terminal myc tag to aid identification during 
protein purification. Protein production (approximately 2 0 
mg per litre) from cultures of bacteria was obtained after 
24 hours and. the scFv was- purified on CEA-Sepharose 
affinity chromatography and by size . exclusion gel 
filtration. The dissociation constant (Kd) of MFE-23 was 
shown by fluorescence quench to be 2. 5+/ -1.3 nM, indicating 
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the high affinity binding to CEA by comparison with a Kd of 
25 nM in the same assay for A5B7, a monoclonal antibody 
which has produced some of the best colorectal tumour 
targeting to date^.. Immunohistochemistry with the purified 
5 scFv using a second antibody directed against the myc tag 
showed in a typical CEA-reactive pattern in 10/10 human 
colorectal adenocarcinomas. The specificity against a 
range of normal human tissues was examined and the only 
reactivity was weak and with normal large bowel - this is 

10 in contrast to many anti-CEA monoclonal antibodies which 
commonly show cross reaction with a variety of normal 
tissues'^. In particular, we found that the scFv bound to 
human colorectal adenocarcinoma but did not bind to the 
following normal tissues: liver, kidney, large intestine, 

15 tonsil, lung, brain, testis, ovary, cervix, breast, blood 
films, placenta, spleen, thyroid, oesophagus, stomach, 
pancreas, lymph node and skeletal muscle. 

Tumour localisation in vivo was studied using LS174T human 
20 colorectal tumour xenografts in nude mice. Figure 2 shows 
tumour imaging using "^Iodine labelled MFE-23; only tumours 
are visible. In separate experiments tissues were removed 
and localised radioactivity assessed; results showed 
tumour: blood ratios of 11:1 at 24 hours after 
25 administration of MFE-23 and 53:1 at 48 hours. 

MFE-23 is the first example of a high affinity, high 
specificity anti- tumour antibody produced by phage 
technology and our data indicate that it has potential for 

3 0 improved imaging and therapy of colorectal cancer. 
, However, the system is not limited to this purpose as 
antibodies with desired characterises for a wide range of 
applications may be obtained in the same manner. 
Antibodies produced using phage technology also have the 

3 5 advantage that their genes are already cloned so 
genetically engineered antibody derived products such as 
fusion proteins of antibody with enzymes or toxins can be 
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readily produced^ The ease of isolation and favourable 
combination of characteristics of MFE-23 illustrate the 
power of this approach and suggest that the phage antibody 
system will be used ^to produce the antibodies of the 
5 future . 

EXAMPLE 2 ; A COMPARISON OF AN scFv ACCORDING TO THE 
INVENTION DERIVED FROM A FILAMENTOUS PHAGE LIBRARY WITH AN 
scFv DERIVED FROM A MONOCLONAL ANTIBODY 

10 

scFvs can be either derived from a monoclonal antibody or 
produced directly using filamentous phage technology where 
antibodies with desired binding and purification 
characteristics can be readily selected from libraries. To 

15 test the hypothesis that the latter approach is more 
useful, we compared two anti-CEA scFvs produced by these 
two different approaches. Our study showed that, both in 
the purification process and in the biodistribution 
pattern, MFE-23 produced by filamentous phage technology 

2 0 gave favourable results compared to A5-SC which is derived 
from the monoclonal antibody A5B7 . This indicates the 
value of the filamentous phage approach for obtaining 
tumour targeting scFvs . 

25 Methods and materials: 

Cloning of scFvs : 

A5-SC: A chimeric recombinant Fab (rcFab) with Fv derived 
30 from A5B7 monoclonal anti-CEA and with human constant 
regions^^ was used as a source of plasmid DNA encoding the 
A5B7 variable regions . A5B7 VH was restricted using the 
enzymes Pst I and BstE II, isolated by electrophoresis in 
2% NuSieve Agarose and purified using the Promega "Magic 
35 PCR" DNA purification system. A5B7 VL. was obtained from the 
same rcFab plasmid using PCR with primers VKBACK^"^ and 
forward primer VK4FOR-Not 1^^ to create a Not I site at the 
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3' end. The PGR fragment was purified using the Promega 
'^Magic PGR" purification system and cut with Sac I and Not 
I. A5B7 VH and VL were sequentially cloned into their 
corresponding restriction sites in a scFv pUC 119 
expression plasmid to give the construct A5-SG^^. 

MFE-23: MFE-23 was produced by filamentous phage technology 
as described in Example 1, and subcloned into the same scFv 
pUG 119 expression vector as A5-SC. 

Expression of scFvs in E.coli : 

XLl Blue (Stratagene) E. coli cells, transformed' with the 
plasmids, were shaken at 3 7^C in 2X TY medium with 10 0 
/ig/ml ampicillin and 0.1 % glucose until an O.D. of 0.9 at 
600 nm. Protein expression was then induced by addition of 
1 mM isopropyl beta-D thiogalactoside and overnight incuba- 
tion at 3 0°C. Cells were then pelleted and the supernatant 
containing the scFv decanted and stored at 4**G. Anti-CEA 
activity was tested for both scFvs by . ELISA, using CEA 
coated wells (2 ^ig/ml) . Bound scFv was detected by 9E10 
ant i - my c ant ibody (a gift f rom Dr . Ge r r ar d Evan , I CRF 
London) followed by anti-mouse Ig-HRP conjugate (Jackson) 
and visualised using the substrate o-phenylenediamine 
dihydrochloride (Sigma) 

Purification o f scFvs by affinity and size exclusion gel 
chromatography : 

Supernatant was concentrated 5-10 times using a Spiral 
cartridge (SIYIO Amicon) and dialysed against PBS/Az (50mM 
phosphate, ISOmM NaGl pH 7, containing 0.02% sodium azide) . . 
The concentrate was applied to a 7 ml GEA/Sepharose-4B 
column, containing 7 mg of GEA. Unbound material was 
removed with PBS/Az. Bound A5-SC was eluted in 2 stages. 
First, 50 mM diethylamine (pH 11) was applied and second, 
3M ammoniumthiocyanate . Bound MFE-23 was eluted with 50 mM 
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diethylamine (pH 11) . in both cases the diethylamine 
fractions were immediately neutralised with 1 M phosphate 
buffer (pH 7,5). The collected fractions were pooled, 
dialysed against PBS/Az, concentrated and applied to 
Sephacryl S-100 (S-100) (Pharmacia) for separation by size 
exclusion. Isolated, purified scFvs were further 
concentrated to 0.5-1 mg/ml and stored at 4^C. Anti-CEA 
activity of both antibodies was confirmed with a positive 
ELISA. 

Pl of SCFvS : 



10 



The isoelectric focusing points of the scFvs were obtained 
using an Amphaline PAG plate pH 3.5-9.5 (Pharmacia) in 
15 accordance with manufacturers instructions. 

lodination : 

75 fig of A5-SC and MFE-23 were iodinated with 0.5 mCi of 
20 125 -1 using the Chloramine T/L-Tyrosine method^^ . 

Radiolabelled products were tested by thin layer 
chromatography to demonstrate efficiency of 125-1 uptake*, 
and by application to a 1 ml CEA/Sepharose column^- 
containing 1 mg of CEA, to test CEA binding prior . to 
25 administration to the mice. The stability of the 
radiolabelled products was tested by gel filtration on S- 
100. 
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Xenograft studies : 



Radiolabelled antibody was administered via the tail vein 
of nude mice bearing the LS174T human colorectal carcinoma 
xenograft^^. Each mouse received 4.3 ^9/30. 12 /iCi of A5-SC 
or 4.3 /ig/7.73 /iCi of MFE-23. Mice were sacrificed at 24 
35 h and 48 h, and tissues were removed and assessed for 
activity using a gamma counter. 4 mice were used for each 
.time point. 
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Results : 

Yields during purification: 

Yields of the scFvs were estimated after affinity 
chromatography and size exclusion gel filtration, using 
optical density measured at 280 nm. The extinction 
coefficient for A5-SC was calculated to be 0.6 and for MFE- 
23 0-7, using the formula: molecular weight /number of 
tyrosine residues x 1000 + number of tiryptophan residues x 
5000. All results are expressed as protein yield from 1 
litre of supernatant. After affinity chromatography and 
concentrating the protein, 0.65mg A5-SC was obtained, 
compared to 4.3mg for the MFE-23. After S-100 gel 
filtration and concentration the protein yield of A5-SC 
appeared to be very low, only 0 , 2mg in comparison to 
2.76mg for the MFE-23 final product, which was 13.8 times 
higher. The elution profile from the S-100 showed two 
peaks with A5-SC, compared to only one peak for the MFE-23. 
The MFE-23 peak and the second A5-SC peak corresponded to 
a molecular weight of 27 kD, which is expected for a 
monomer scFv. The first peak of the A5-SC S-100 profile 
was considered to be dimer A5B7 and this was tested and 
confirmed by SDS-PAGE. 

pl of scFvs : 

The isoelectric focusing points showed that A5-SC is more 
basic than MFE-23, as the pi of A5-SC was 9-9.5, compared 
to a lower pi of 4.5-5.5 for MFE-23. 

Stability after iodination: 

The stability of the scFvs after radiolabelling was tested 
by gel filtration on S-100. The elution profile of A5-SC 
showed a single peak. There was no sign of dimer formation 
and no aggregation was detected. The S-100 profile of MFE- 
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23 similarly showed one peak. These results confirmed the 
physical stability of A5-SC monomer and MFE-23 after 
iodination. 

The CEA-activity of both radiolabelled products was tested 
by binding to CEA/Sepharose . The percent of counts 
recovered was calculated to be 30.8 % for the A5-SC and 
38.7 % for the MFE-23. 

Tumour locali sation of A5-SC and MFE-23 in human tumour 
xenografts . 

The biodistribution of A5-SC and MFE-23 was examined at 24 
and 48 hours after administration. Percent injected 
activity per gram of tissue and tissue to blood ratios were 
assessed. 1.2 % of the injected activity of A5-SC was 
localised in the tumour at 24 hours after administration 
compared to 3.2% of MFE-23 (Fig. 4).. At 48 hours these 
absolute amounts in the tumour dropped for both proteins, 
giving values of 0.46 % for A5 -SC and 1.2 % for MFE-23 
(Fig. 4) . However, due to the rapid blood clearance of the 
scFvs these amounts resulted in favourable tumour to blood 
ratios at this time point. These were 11:1 for A5-SC and 
24:1 for MFE-23 (Fig 5) . The 24h time point gave ratios of 
6:1 for A5-SC and 13:1 for MFE-23. 

For A5 -SC a significant amount of activity was detected in 
the kidney. The % injected dose at both time points was 
even higher than that detected in the tumour; 3,2% at 24 
hours and 2.4 % at 4 8 hours (Fig. 4) . This gave rise to 
high kidney to blood ratios (19.7:1 at 24h and S7.2:l at 
48h) . MFE-23 also showed some activity in the kidney, but 
this was much lower than that observed with A5-SC giving 
kidney to blood ratios of respectively 4.7:1 at 24h and 
9.6:1 at 48h. In both instances this was less than the 
amount localised in the tumour. 
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Uptake of A5 -SC was also observed in liver and spleen, 
giving tissue to blood ratios of 15.6:1 and 8.6:1 
respectively, at 48 hours. This is in contrast with MFE-23, 
which did not show localisation in these organs. The liver 
5 and kidney uptake of A5-SC did not appear to be due to 
aggregation as ho high molecular weight material was 
detected in the S-100 profile of A5-SC after 
radiolabelling . 

10 Conclusion: 

This Example describes a comparative study between two 
anti-CEA scFvs derived by different approaches / A5-SC being 
derived from a monoclonal antibody while MFE-23 is produced 
15 by phage technology. The results showed a favourable 
biodistribution, with higher absolute amounts and better 
tumour to blood ratios for MFE-23 compared to A5- SC. MFE- 
23 was also easier to purify, 

20 EXAMPLE 3 ; RADIOLABELLING OF AN ANTIBODY ACCORDING TO 

THE INVE NTION WITH A C- TERMINAL CYSTEINE FOR COLORECTAL 
TUMOUR IMAGING 

scFvs have potential for clinical imaging studies because 
25 of their rapid tumour penetration and the high tumour to 
tissue ratios at early time points. Free thiol groups are 
necessary for labelling scFvs with technetium. To achieve 
this a vector which enabled a free cysteine to be linked to 
the C- terminus of scFvs was constructed. MFE-23 was cloned 
30 into this vector and cysteine- tagged MFE-23 was labelled 
with technetium using a D-glucarate transfer method. The 
radiolabelled product appeared to be stable both in vivo 
and in vitro and showed favourable tumour to blood ratios 
in vivo at early time points; 4:1 at 24h and 8:1 at 48h. 
3 5 In comparison with iodinated MFE, ^^'"Tc labelled MFE showed 
a higher % injected activity in the tumour. 
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Materials and methods: 

Expression vector and cloning of MFE-cvs: 

5 To create a new expression vector with a cysteine in the 
C- terminal tail, inverse PGR site directed mutagenesis^^ was 
used to replace a histidine in the previously described^^ 
pUC119 based expression vector containing a C- terminal 
hexahistidine tag. Modification was achieved using 25 

10 cycles of PGR with the oligonucleotides Cys-His-For 
( 5 ' -TGGTGATGAGATGCGGGCGCGCGTTTGAT- 3 ' , SEQ ID No : 3 ) and 
His6-Bak ( 5 ' -TCATCACTAATAAGAATTCACTGGCCG-3 ' , SEQ ID No : 4) 
followed by self ligation. Clones containing the required 
sequence (Figure 6) were identified by DNA, sequencing. 

15 MFE-23 was subcloned into this vector as an Ncol/Notl 
fragment . 

Expression of MFE-cvs in E. coli : 

20 E. coli 'Sure' cells (Stratagene) were transformed with the 
plasmid construct shown in Fig. 6. Cells were shaken at 
37°C in a 2X TY medium with 100 fig/ml ampicillin and 0.1% 
glucose until an optical density of 1.0 at 600 nm was 
obtained. . Protein expression was induced by adding 1 mM 

25 isopropyl beta-D thiogalactoside overnight at 30^C. The 
cells were then pelleted and the supernatant containing 
MFE-cys decanted and stored at 4*^C. 
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Purification of MFE-cvs 



Supernatant was concentrated 10 times using a Spiral 
cartridge (SIYIO Amicon) and dialysed against PBS/Az (50 mM 
phosphate, 150mM NaCl pH 7, containing; 0.02% sodium azide) . 
The concentrate was* applied to a CEA/Sepharose-4B column, 
3 5 containing 7 mg of CEA. Unbound material was washed 
through with PBS/Az. Bound MFE-cys was. eluted with 50 mM. 
diethyiamine (pH 11) , after which the fractions containing 
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the protein were immediately neutralised with 1 M phosphate 
buffer (pH 7.5). The collected fractions were pooled, 
dialysed against PBS/Az and stored at 4*|*C. Pooled eluates 
were then concentrated using Diaflo ultrafiltration 
5 membranes (YMIO Amicon) , after which . the concentrated 
material was purified by size exclusion gel filtration on 
5jephacryl S-100 (Pharmacia) . The yield of MFE-cys during 
the purification process was estimated using the optical 
density measured at 280 nm. The extinction coefficient for 
10 MFE-cys was calculated to be 0.7 using the formula: 
molecular weight/number of tyrosine residues x 1000 + 
number of tryptophan residues x 5000. Purified MFE-cys 
monomer was concentrated and stored at 4°C. 

15 Labelling of MFE-cvs : 

MFE-cys was radiolabelled with ^^""Tc using a ^^""Tc-D-gluca- 
rate transfer method^^. 1ml of ^^"Tc sodium pertechnetate 
(40,5 mCi) was added to 12.5 mg of monopotassium D- 

20 glucarate, 16.8 mg of sodium bicarbonate and 100 fig of 
stannous chloride (stannous chloride was made up directly 
before use at a concentration of 0.2 mg/ml) , This solution 
was left for 1 min at room temperature. Then 0.5 ml was 
mixed with 2 00 fig MFE-cys in PBS/ 1 mM EDTA. The mixture 

25 was incubated at room temperature for 3 0 min and then 
applied to a PD 10 column (Pharmacia; primed with 3% human 
serum albumin in PBS) to separate the radiolabelled protein 
from the free pertechnetate. The efficiency of ^^""Tc uptake 
was tested by thin layer chromatography, using acetonitri- 

3 0 le/water (30:20) as running solvent. An aliquot (10 0 fil) 
of diluted radiolabelled scFv (1:30 in PBS/Tween 20) was 
applied to a 1 ml CEA-sepharose column, containing 1 mg of 
CEA, to test CEA-binding. The column was washed with 8 
volumes of PBS/0.05% Tween 20 and bound material was 

3 5 obtained by adding 3M ammoniumthiocyanate . Further, the 
stability of the labelled scFv was tested by applying the 
product (diluted 1:30) to Sephacryl S-100. To test the 
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stability of the radiolabelled product in vivo serum taken 
from mice injected ' with the labelled scFv 24h after 
administration was also applied to Sephacryl S-100. 
Stability of the ^^™Tc- labelled product was also tested by 
gel autoradiography as follows: radiolabelled MFE-cys was 
subjected to SDS-PAGE using a 15% non- reducing acrylamide 
gel. The protein was then Western blotted onto Immobilon 
P (Millipore) / and visualised by autoradiography using 
Kodak X-Omatic cassette and Hyperf ilm-MP film (Amersham) . 

Xenograft study : 

The human colon adenocarcinoma cell line LS174T was used to 
develop a xenograft tumour model^^. ^^"^c radiolabelled MFE- 
cys (11 /xg/36.4uCi per mouse) was administered via the tail 
vein. Mice were killed at 24h and 4 8h following 
. administration and blood, liver, kidney, lung, spleen:, 
colon, muscle, femur (only for technetium labelled MFE-cys) 
and tumour were removed. Activity was assessed by counting 
on the gamma counter (LKB, Bromma, Sweden, Wallac . 1284 
Compugamma) after digestion with 7M KOH. Activity was 
expressed as % injected dose per gram of tissue. 4 mice 
were used for each time point. 

Results : 

Yields during purification of MFE-cvs : 

After affinity chromatography and concentrating a protein 
yield of 13.3 mg of MFE-cys was obtained from 4 litres of 
supernatant. The elution profile from the Sephacryl S-100 
showed two peaks; the second peak corresponded with a mole- 
cular weight of 27kD, the correct molecular weight for 
monomer MFE-cys. The first peak was shown to be dimer MFE- 
cys on a non-reducing SDS-PAGE.- After concentrating MFE- 
cys monomer a final yield of 8 mg was achieved, compared to 
only 1 mg from the dimer peak (ratio 8:1) . Purity of 
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monomer MFE-cys was confirmed on SDS-PAGE, showing only one 
band at the correct molecular weight . 

Analysis of ^^"T"c- labelled MFE-cvs : 

5 

MFE-cys was radiolabelled using a ^^"*Tc-D-glucarate transfer 
method. Thin layer chromatography showed a 99mrji^ 

incorporation within the protein of more than 80%. . CEA- 
binding activity of the radiolabelled product appeared to 
10 be very good; after applying the radiolabelled product to 
the CEA/Sepharose column 55% of counts was recovered in the 
bound fraction. 

Its stability in vitro was confirmed by applying the 
15 radiolabelled product to Sephacryl S-100; little 
degradation was detected. No sign of dimer formation was 
seen, and no aggregation was detected. In accordance with 
this result, gel autoradiography showed, only one band at 
the correct molecular weight for this scFv. When serum 
20 from mice injected with ^^"*Tc- labelled scFv taken 24h after 
administration was applied to Sephacryl S-100, only one 
peak at the correct molecular weight was observed, which 
also confiirmed its stability in vivo, 

25 In vivo studies : 

The biodistribution of ^^""Tc- labelled MFE-cys was examined 
over a period of 48 hours. Percent injected activity per 
gram of tissue and the tissue to blood ratios were 

3 0 assessed. The results are shown in Fig. 7 and Fig. 8. These 
results demonstrate that, at both time points, ^^'"Tc- 
labelled MFE-cys showed approximately 4% of injected 
activity was localised in the tumour at 24 h and at 48 h 
2.4% was localised. These amounts resulted in favourable 

3 5 tumour to blood ratios at both time points, because of the 
fast clearance of this scFv. These were 4 : 1 at 24h and 8:1 
at 48h. 
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Significant activity in normal tissues was only observed in 
the kidney. Technetium labelled MFE-cys showed a higher 
percent of injected activity in the kidney than in the 
tumour which . resulted in high kidney to blood ratios at 
5 both time points; respectively 10:1 at 24h and 17:1 at 48h. 

Conclusion 

Technetium labelled MFE-cys showed favourable 
10 biodistribution characteristics in vivo for early 
diagnostic imaging. Technetium's ready availability, its 
low costs, the ideal properties for gamma camera imaging, 
the low patient radiation exposure per millicurie of 
radionuclide and finally the fact- that thyroid blocking 
15 agents are not necessary, make technetium much more 
practical for immunoscintigraphy , 

EXAMPLE 4 ; THE BIODISTRIBUTION OF AN ANTIBODY ACCORDING TO 
THE INVENTION FUSED TO CARBOXYPEPTIDASE G2 (CPG2) 

20 

This example compares the biodistribution of ^^^I MFE23-CPG2 
and J CPG2 in the LS174T tumour model. 

Small pieces of xenograft tissue were placed subcutaneous ly 
25 in the flanks of nude mice. The tumours were grown for 2-3 
weeks before commencing the experiment . There were 4 
mice/group/time point . 

1. The first group (12 mice) received 2.8 /xg/3 /iCi/8.6 
30 U/0.2 ml "^I MFE23-CPG2 intravenously into the tail vein. 

2. The second group (8 mice) received 2.8 
MCi/0.2 ml ^2^1 CPG2 intravenously into the tail vein. 

35 The mice were bled and' tissues removed at 24 and 48 hours. 

The percent injected activity per gram of tissue was 
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assessed at the two time points. The results are shown in 
Fig. 9 and Fig. 10. After 24 hours, ^^^I MFE23-CPG2 showed 
a tumour: blood ratio of 9.4:1, whereas ^^^I CPG2 should a 
ratio of 2:1. After 48 hours, ^^^I MFE23-CPG2 showed a 
5 ratio of 12.6:1 whereas ^^^I CPG2 showed a ratio of 1,1:1. 
Thus, ^^^I MFE23-CPG2 shows favourable localisation to 
tumour. 

EXAMPLE 5; PURIFICATION OF AN ANTIBODY ACCORDING TO THE 
10 INVENTION USING A His TAG 

This Example concerns a new procedure for the purification 
of an antibody according to the invention. Insertion of a 
hexa-histidine tail fused at the C-terminus of the antibody 

15 provides an affinity tag which selectively binds, to 
transition metal ions immobilised on an Iminodiacetic acid 
(IDA) derivitised solid phase matrix. This method proved 
to be superior to standard CEA antigen affinity 
chromatography in the following ways: (1) A higher yield 

20 was produced (10 mg per litre as opposed to 2.2 mg per 
litre of bacterial supernatant) . The latter figure was 
largely affected by the limited availability (size of the 
column) of immobilised CEA antigen. (2) Scale-up was 
relatively simple and less costly. (3) The risk of tumour 

25 derived antigen leaching from the column is eliminated. 

Results showed that immobilised Cu^* ions are more effective 
that Ni^* and Zn^* ions in retaining the His tagged product 
giving a 90% pure product on elution. Clinical grade 
material was generated using size exclusion chromatography 

3 0 to remove aggregated material, and Detoxi gel to remove 
bacterial endotoxins. Validation assays to measure DNA, 
copper and endotoxins were performed to assess the levels 
of contaminants. MFE-23 His retained 84% antigen binding 
after 6 months storage at 4''C and >75% after 

3 5 radiolabelling . Further experiments confirmed that the His 
tail did not affect biodistribution and tumour localisation 
in nude mice bearing human colorectal tumour xenografts. 
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Materials and methods . 

The preparation of clinical grade material requires 
particular precautions which are not necessary in the 
5 preparation of laboratory products. The clinical grade 
scFv produced here was in accordance with the guidelines 
specified in the Cancer Research Campaign control operation 
manual for recombinant products^^. A summary of the 
guidelines for the quality and safety of clinical products 
10 include: 

1-. Designated sterile work areas arid equipment which will 
prevent contamination of the purified product. 
2. Full details of product development including expression 
systems and DNA sequencing. 
15 3 . Preparation of a clinical seed lot including testing for 
homogeneity and reactivity on storage. 

4. Purification details and reproducibility. 

5. Final product characterisation including contamination 
levels, potency, biological activity and toxicity, 

20 

Standard operating procedures (SOP's) have been drawn up 
for each individual stage of the production process 
outlined above. 

25 Subcloning and expression of the polvhistidine tail 

The gene encoding MFE-23 was subcloned into a pUC 119 
expression vector to contain 6. x His at the C-terminus 
{Figure ll-MFE-23 His vector) . The construct was 

30 transf ected into E. coli TGI cells using electroporation 
and plated onto 2xTY agar containing 10 0 fxg/ml ampicillin 
and 1% glucose. Ah individual colony was used to produce 
a seed lot in accordance with safety guidelines and DNA 
sequencing was employed to confirm identity. For 

35 expression, seed lot aliquots were cultured in 2 x TY 
medium containing 100 /ig/ml ampicillin and 1% glucose at 
37^C" shaking for 16-20 h. Cells were grown until a cell 
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density of 0.9 at an optical density iOD) GOOnm was 
achieved. Production of scFv was promoted by the addition 
of 1 mM isopropyl i8-D- thiogalactoside and the temperature 
reduced to SO^'C for a further 16 h.. Cells were pelleted at 
5 11,300 X g and the supernatant containing the MFE-23 His 
was passed through 0.45 fim followed by 0.2 /xm 1 litre 
Nalgene disposable filters (Fisons, Loughborough, UK) . 

Concentration and dialysis of MFE-23 His supernatant 

10 

The bacterial supernatant was concentrated using an Amicon 
CH2 ultrafiltration system (Amicon, Stonehouse, 
Glocestershire , UK) incorporating a RA2 0 00. reservoir and 
SIYIO spiral cartridge with a molecular weight cut off of 

15 . 10 kDa. To sterilise the ultrafiltration, system for the 
clinical grade material it was washed in Hospec neutral 
detergent followed by 0,1 M sodium hydroxide and pyrogen 
free water (Baxter, Norfolk, UK) to neutralise. MFE-23 His 
culture supernatant (1-4 litres) was concentrated to 200- 

20 300 ml and pressure dialysed against sterile phosphate 
buffered saline pH 7.2 (Dulbecco's PBS-Sigma, Poole, UK). 
The crude MFE-23 His was centrifuged at 6,300 x g for 20 
min at 4°C and re-filtered using 0,45 ^m and 0,2 fim Nalgene 
filters to sterilise and remove any large protein 

25 aggregates which may have formed during the concentration 
steps . 

Purification 

30 IMAC purification was optimised on a small scale using non 
sterile conditions. Clinical purification procedures were 
performed under rigorous conditions, using sterile 
glassware, disposables and chemicals. All buffers were 
made with pyrogen free water. Imidazole solutions were 

3 5 buffered with Dulbecco's sterile PBS containing IM sodium 
chloride (NaCl) to suppress ionic interactions, thereby 
improving selectivity of the metal for the histidine 
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ligands^^. 
IMAC 

A 10/2.5 cm Econocolumn (Bio-Rad, Kernel Hempsted, UK) was 
packed with 4 0 ml chelating Sepharose fast flow (Pharmacia 
Biotech, St Albans, UK) and equilibrated under gravity with 
100 ml. water. Metal ions (100 ml) were loaded as 0.1 M 
copper sulphate, zinc chloride or nickel chloride (Sigma) 
in water and washed through with the same volume of 
equilibrium buffer (PBS/lM NaCl) . NaCl was added to the 
concentrated dialysed supernatant to a final concentration 
of 1 M to prevent leaching of metal ions from the column^^ . 
Up to 3 0 0 ml supernatant was loaded and the unbound 
material collected. Competitive elution was carried out 
using an imidazole gradient of 40, 60, 80, 100 and 120 mM, 
collecting 250 ml batchwise of bound product at each step. 
The column was regenerated by stripping metal ions with 100 
ml of 50 mM EDTA and re-equilibrated with several column 
volumes of water. 

All fractions were dialysed into PBS to remove salt, 
eluting agents and any metal ions which may have leached 
from the column. The fractions were then pooled and 
concentrated using stirred cell ultrafiltration and a PMIO 
membrane (Amicon) for SDS PAGE analysis. To increase 
recovery of clinical material all dialysed fraction 
excluding the 12 0 mM imidazole fraction were subsequently 
pooled and reapplied to the column. 

Gel filtration - 

The IMAC purified material was further purified by size 
exclusion to remove aggregates and metal ions. The 
concentrated, dialysed 0.22 /xm sterile filtered (Gelman, 
Northampton, UK) 120 mM imidazole fraction was applied to 
a 350 ml Sephacryl S-lOO (Pharmacia Biotech) column (XK 
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16/100- Pharmacia Biotech) , Fractions were measured at OD 
280 nm, relevant fractions were pooled and concentrated, 
using stirred cell ultrafiltration and stored at 4^*0. 

5 Affinity chroma tocrraphy 

2 litres of MFE-23 His which had been concentrated and 
dialysed in PBS (400 ml) was purified using a 6 ml cyanogen 
bromide activated Sepharose 4B (Pharmacia Biotech.) 
10 affinity column coupled to CEA (8 mg) . CEA was obtained 
from a patient's colorectal tumour liver metastasis by 
extraction using perchloric acid^^. One column pass of 30 
ml supernatant per run was performed • 

15 Bacterial Endotoxin removal 

A 10 X 2-5 cm Econocolumn. (Bio-Rad) was packed under 
gravity with 10 ml of Detoxi gel (Pierce Warriner. Chester, 
UK) and equilibriated with sterile PBS. 10 ml of the 
20 , concentrated purified product was loaded, carefully mixed 
with the gel and incubated overnight at room temperature in 
a sealed column. The product was eluted by washing with 3 0 
ml PBS. 

25 Final product testing 

Samples at each purification stage were analysed for 
endotoxin levels using Limulus ameobocyte lysate (LAL) gel 
clot vials (Atlas bioscan. Bognor Regis, UK) according to 

3 0 the manufacturers' recommended instructions; a further 
aliquot (three times the patient dose) was tested by 
injection into rabbits (Safepharm Laboratories; Derby, UK) , 
Bacterial supernatant containing MFE-23 His, semipurified 
MFE-23 His and the final product were tested for the 

35 presence of bacterial DNA using the Digoxigenin (DIG) DNA 
labelling and detection assay (Boeringer Mannheim> Lewes, 
UK) . A probe was constructed using a mixture of equal 
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proportions of MFE-23 plasmid DNA and total bacterial DNA. 
DIG labelled DNA probes were detected after hybridisation 
to target samples by enzyme- linked immunoassay using an 
ant i -DIG alkaline phosphatase conjugate.. The probe was 
5 sensitive to 12 pg of DNA. The final product was also 
assayed for Cu^* content and compared with earlier 
purification stages, using flame photometry (Trace Element 
laboratory - University of Surrey) . An aliquot was also 
protein sequenced using amino acid analysis by the CRC 

10 protein sequencing facility (University college of London) 
to confirm homogeneity of the final product and cleavage of 
the pelB leader sequence in the periplasm. Stability of 
the antibody was assessed by storing aliquots at 4°C and - 
70°C and subsequently analysing samples at certain time 

15 intervals using a Superose 12 HR 10/3 0 (Pharmacia) FPLC 
column. Retention of antigen binding following 6 months 
storage at 4*^0 was measured by applying a known amount of 
purified antibody to the CEA affinity column (refer to 
section 2.7) and quantitating the % bound (specific 

2 0 activity) . These values were compared by applying a known 

amount of MFE-23 His previously purified using the same 
column. 

lodination of MFE-23 His 

25 

Radiolabelling of MFE-23 His with ^^^lodine (^^^I) was 
performed using the Chloramine T method^^ . Typically 67-250 
fig of purified product in 0,5 ml was radiolabelled to give 
specific activities of 167-481 MBq//xg. 

30 

Analysis of radiolabelled product 

Thin layer chromatography (TLC) was performed to measure % 
^-^I -incorporation. Antigen binding was also assessed by 

3 5 applying a dilution of the radiolabel to a CEA coupled 

Sepharose 4B (1 mg CEA; 1 ml column volume) . The unbound 
fraction was washed through with 2 column volumes of PBS 
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and the bound fraction with the same volume of 3 M ammonium 
thiocyanate. A control scFv B1.8 which is not specific for 
CEA and MFE-23 containing a c-myc tag (MFE-23 myc) were 
tested as a comparison. The unbound and bound fractions 
5 were analysed for ^^^I activity using a gamma counter. 
Stability assessments were carried out by applying a sample 
of the radiolabel and unlabelled product to a 15% SDS PAGE 
minigel. The ^^^I-MFE-23 His was visualised by 

autoradiography and the unlabelled product by Coomassie 
10 blue staining. "^I-MFE-23 His was also applied to a 100 ml 
Sephacryl S-100 column (115 x 1 cm) , 1.5 ml fractions were 
collected and counted for ^^^I activity. 

In vivo xenograft experiment 

15 

Tumour localisation and biodistribution of "^I-MFE His was 
carried out in nude mice bearing LS174T human tumour 
xenografts, MFE-23 myc which had been previously 

characterised, affinity assessed and shown to localise in 

20 human tumour xenografts (Example 1) was included as a 
comparison. Radiolabelled antibody was administered into 
the tail vein of mice, when the tumours were approximately 
0.5 g in weight. Each mouse received 5 jug/ 
10 ^Ci of ^^^I labelled antibody and 4 mice from each group 

25 were sacrificed 24 h. later. Tissues and blood samples were 
removed, weighed, digested in 7 M potassium hydroxide for 
24 h and assessed for activity using a gamma counter. 

Results 

30 

Optimising IMAC 

Ni^\ Zn^* and Cu^* were compared for efficacy as metal ions 
for IMAC solid support. SDS PAGE electrophoresis showed 
3 5 that in general the majority of non specific proteins were 
washed through the column in. the unbound fraction. Further 
impurities were eluted by competing with low concentrations 
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of imidazole 10-40 mM. Increasing the concentration of 
imidazole to compete for metal binding sites results in 
elution of. His tagged product. This stepwise imidazole 
gradient was useful for comparing the efficiency of 
5 antibody binding to Ni^*, Zn^* and Cu^* immobilised metal 
ions and the level at which pure product eluted from the 
column. Any remaining product eluted when the column was 
stripped with EDTA. Impurities were present in all 
imidazole elution and EDTA fractions when the column was 

10 primed with Ni^"". There was also visible leaching of Ni^* 
on imidazole elution reflecting the weak binding affinity 
of Ni^* to the column. In contrast, when the column was 
primed with Zn^* the imidazole gradient was more effective 
in producing pure product than when Ni^V was used. However, 

15 the 80-12 0 mM imidazole and EDTA fractions contained some 
remaining impurities. The best elution profile was 
produced by priming the column with Cu^"" ions; pure product 
eluted at 60-120 mM imidazole and EDTA fractions. Although 
pure product also eluted in the EDTA fraction this could 

20 not be further processed for clinical use due to the 
presence of high levels of copper ions which were difficult 
to remove even after extensive dialysis. This fraction was 
dialysed and reapplied to the column. Considering the 
results, copper was selected as the immobilised metal ion 

25 for clinical production of MFE-23 His, To ease handling 
large volumes of the clinical batch a step gradient of 4 0 
and 120 mM imidazole concentrations was employed. 
Impurities were separated by eluting with 250 ml 40 mM 
imidazole from pure product at 120 mM imidazole (250 ml) in 

3 0 a single chromatographic step. 

Purity and yield 

Gel filtration of the clinical grade MFE-23 His revealed 
35 that 90% of the product was in monomer form after one 
purification step. Large molecular weight material was 
effectively separated from the product. The final product 
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yield of the clinical batch was approximately 10 mg per 
litre of supernatant at OD 280 nm using the extinction 
coefficient of 0.7. The affinity purified material 
produced a 2.2 mg per litre yield with a single pass 
5 through the column. 

Final iproduct evaluation 

The contamination levels of clinical grade MFE-23 His with 
10 bacterial endotoxins and copper at each chromatographic 
step are show in Table I . 

Table 1, Bacterial endotoxin and copper removal in each 
chromatographic step. 
15 ' 

Purification step. Endotoxin Eu/ml, Cu^* fxM/1 



20 



Supernatant 50,000 
Cu^* chelate column eluate 



pre dialysis (12 0 mM 
25 fraction 



75 



post dialysis (120 mM 750 8 

fraction) 

30 Gel filtration S-100 eluate 25 3.4 

Detoxi gel eluate (final . <2.5 - 

product ) 

35 

The results showed that Detoxi gel was effective in 
removing at least one log scale of bacterial endotoxins 
from the purified scFv with no decrease in yield. The 
final product was also confirmed as non pyrogenic by in 
40 vivo rabbit testing. The extent of ligand leaching was 
also monitored by Cu^* analysis. Copper levels were largely 
reduced after extensively dialysing and very low levels are 
present in final product. DNA was not detected 

(sensitivity of assay = 12 pg) in the final purified 
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product. Protein sequencing of the first 15 N-terminal 
amino acids of the protein showed consistency with the DNA 
sequence. This also confirms that the pel B leader has 
been cleaved in the periplasm. Stability assessments at 
4°C and -70°C up to 6 months . showed one peak on FPLC 
analysis consistent with the molecular weight of scFv and 
no evidence of aggregation. 

Retention of antigen binding on 6 months storage at 4''C is 
shown in Table II. This indicated that an average value of 
75% binding was achieved. 

Table II. Specific activity of MFE-23 His purified using 
IMAC (a-c) and CEA antigen affinity chromatography (d) . 
The specific activities were based on antibody levels 
recovered, as some losses occurred on dialysis and 
concentration steps. The mean % bound specific activity 
for the IMAC purified material (a-c) is 75%. 



Antibody applied Unbound Bound. Specific activity 

to column (mg) (mg) (mg) (%) ^ 



a . 


2 


0.35 


0 . 76 


69 • 


b. 


1 


0.23 


0 . 68 


75 


c . 


0.5 


0 .09 


0.40 


81 


d. 


1 


0 .10 


0 . 83 


89 



Radiolabelled MFE-23 His 

When the radiolabelled product was tested for % 
incorporation using TLC analysis the results demonstrated 
that 95-99% of the "^Iodine was bound to the antibody. 
Retention of antigen binding was assessed after 
radiolabelling by measuring the binding to antigen. A 
sample of radiolabelled clinical MFE-23 His batch was 
applied to the CEA column. Of the total number of counts 
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recovered ( 1710 cpm) , 435 cpm (25%) washed through in the 
unbound fraction and 1275 cpm (75%) eluted in the bound 
fraction. The unbound fraction was subsequently reapplied 
to the column and a further 58% of total counts loaded was 

5 recovered in the bound fraction. Samples of diluted 
radiolabelled MFE-23 myc and Bl . 8 were also applied to the 
CEA column. For MFE-23 myc 56% (230,23 cpm) of total counts 
recovered (40901 cpm) bound to the column and 17878 cpm 
(43%) washed through the unbound. For the non specific 

0 control antibody B1.8 only 10% (1301 cpm) of the total 
recovered counts (12717 cpm) bound to the column and 89% 
(11416 cpm) was contained in the unbound fraction. The 
stability of radiolabelled product was determined by SDS 
PAGE and gel filtration, revealing it was moaomeric, intact 

5 and unaggregated. 



In vivo studies 

"^I -MFE-23 His localised in tumour selectively giving a 
therapeutic tumour to blood ration of 22:1. MFE-23 myc 
produced similar results with a tumour to blood ratio of 
9:1.- The uptake of MFE-23 His in normal tissues was also 
comparable to the previously characterised MFE-23 myc, 
except for high levels in the kidney,- which is the main 
clearance pathway of the antibody. 
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SEQUENCE, LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Cancer Research Campaign Technology Limited 

(B) . STREET: Cambridge House, 6-10 Cambridge Terrace. 

Regent's Park 

(C) CITY: London 

(D) STATE: not applicable 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP) : NWl 4JL 

(A) NAME: CHESTER. Kerry Anne 

(B) STREET: CRC Laboratories. Royal Free Hospital School 

of Medicine 

(C) CITY: London 

(D) STATE: not applicable 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP): NW3 2PF 

(A) NAME: HAWKINS. Robert Edward 

(B) STREET: Department of Clinical Oncology and MRC 

Centre. Hills Road 

(C) CITY: Cambridge 

(D) STATE: not applicable 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP): CB2 2QH 

(A) NAME: BEGENT. Richard Henry John 

(B) STREET: CRC Laboratories. Royal Free Hospital School 

of Medicine 

(C) CITY: London 

(D) STATE: not applicable 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP) : NW3 2PF 

(ii) TITLE OF INVENTION: TUMOUR ANTIBODY 
(iii) NUMBER OF SEQUENCES: 8 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS/MS -DOS 

(D) SOFTWARE: PatentIn Release #1.0. Version #1.30 (EPO) 

(2) INFORMATION FOR SEQ ID NO: 1: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 810 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:!.. 810 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



GAG ACA 6TC ATA ATG AAA TAC CTA TTG CCT ACG GCA GCC GCT GGA TTG 48 
Glu Thr Val lie Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu 
1 5 10 15 

TTA TTA CTC GCG GCC CAG CCG GCC ATG GCC CAG GTG AAA CTG CAG CAG 96 
Leu Leu Leu Ala Ala Gin Pro Ala Met Ala Gin Val Lys Leu Gin Gin 
20 25 30 

TCT GGG GCA GAA CTT GTG AGG TCA GGG ACC TCA GTC AAG TTG TCC TGC 144 
Ser Gly Ala Glu Leu Val Arg Ser Gly Thr Ser Val Lys Leu Ser Cys 
35 40 45 

ACA GCT TCT GGC TTC AAC ATT AAA GAC TCC TAT ATG CAC TGG TTG AGG 192 
Thr Ala Ser Gly Phe Asn He Lys Asp Ser Tyr Met His Trp Leu Arg 
50 55 60 . 

CAG GGG CCT GAA CAG GGC CTG GAG TGG ATT GGA TGG ATT GAT CCT GAG 240 
Gin Gly Pro Glu Gin Gly Leu Glu Trp He Gly Trp He Asp Pro Glu 
65 70 75 80 

AAT GGT GAT ACT GAA TAT GCC CCG AAG TTC CAG GGC AAG GCC ACT TTT 288 
Asn Gly Asp Thr Glu Tyr Ala Pro Lys Phe Gin Gly Lys Ala Thr Phe 
85 90 95 

ACT ACA GAC ACA TCC TCC AAC ACA GCC TAC CTG CAG CTC AGC AGC CTG 336 
Thr Thr Asp Thr Ser Ser Asn Thr Ala Tyr Leu Gin Leu Ser Ser Leu 
100 105 110 

ACA TCT GAG GAC ACT GCC GTC TAT TAT TGT AAT GAG GGG ACT CCG ACT 384 
Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys Asn Glu Gly Thr Pro Thr 
115 120 125 

GGG CCG TAC TAC TTT GAC TAC TGG GGC CAA GGG ACC ACG GTC ACC GTC 432 
Gly Pro Tyr Tyr Phe Asp Tyr Trp Gly Gin Gly Thr Thr Val Thr Val 
13b 135 140 

TCC TCA GGT GGA GGC GGT TCA GGC GGA GGT GGC TCT GGC GGT GGC GGA 480 
Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly 
145 150 155 160 

TCA GAA AAT GTG CTC ACC CAG TCT CCA GCA ATC ATG TCT GCA TCT CCA 528 
Ser Glu Asn Val Leu Thr Gin Ser Pro Ala He Met Ser Ala Ser Pro 
165 170 175 

GGG GAG AAG GTC ACC ATA ACC TGC AGT GCC AGC TCA AGT GTA AGT TAC 576 
Gly Glu Lys Val Thr He Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr 
180 185 190 
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ATG CAC TGG TTC CAG CAG AAG CCA GGC ACT TCT CCC AAA CTC TGG ATT 624 
Met His Trp Phe Gin Gin Lys Pro Gly Thr Ser Pro Lys Leu Trp He 
.195 200 205 

TAT AGC ACA TCC AAC CTG GCT TCT GGA GTC CCT GCT CGC TTC AGT GGC 672 
Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro Ala Arg Phe Ser Gly 
210 215 220 

AGT GGA TCT GGG ACC TCT TAC TCT CTC ACA ATC AGC CGA ATG GAG GCT 720 
Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr He Ser Arg Met Glu Ala 
225 230 235 240 

GAA GAT GCT GCC ACT TAT TAC TGC CAG CAA AGG AGT AGT TAC CCA CTC 768 
Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Arg Ser Ser Tyr Pro Leu 
245 250 255 

ACG TTC GGT GCT GGC ACC AAG CTG GAG CTG AAA CGG GCG GCC 810 
Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Ala Ala 
260 265 270 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 270 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Glu Thr Val He Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu 
1 5 10 15 

Leu Leu Leu Ala Ala Gin Pro Ala Met Ala Gin Val Lys Leu Gin Gin 
20 25 30 

Ser Gly Ala Glu Leu Val Arg Ser Gly Thr Ser Val Lys Leu Ser Cys 
35 40 45 

Thr Ala Ser Gly Phe Asn He Lys Asp Ser Tyr Met His Trp Leu Arg 
50 55 60 

Gin Gly Pro Glu Gin Gly Leu Glu Trp He Gly Trp He Asp Pro Glu 
65 70 75 80 

Asn Gly Asp Thr Glu Tyr Ala Pro Lys Phe Gin Gly Lys Ala Thr Phe 
85 90 95 

Thr Thr Asp Thr Ser Ser Asn Thr Ala Tyr Leu Gin Leu Ser Ser Leu 
100 105 110 

Thr Ser Glu Asp Thr Ala Val Tyr Tyr Cys Asn Glu Gly Thr Pro Thr 
115 120 125 

Gly Pro Tyr Tyr Phe Asp Tyr Trp Gly Gin Gly Thr Thr Val Thr Val 
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130 . 135 140 

Ser Ser Gly Gly Gly Gly Ser G1y Gly Gly Gly Ser Gly Gly Gly Gly 
145 150 155 160 

Ser Glu Asn Val Leu Thr Gin Ser Pro Ala lie Met Ser Ala Ser Pro 
165 170 175 

Gly Glu Lys Val Thr lie Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr 
180 185 190 

Met His Trp Phe Gin Gin Lys Pro Gly Thr Ser Pro Lys Leu Trp He 
195 200 205 

Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro Ala Arg Phe Ser Gly 
210 215 220 

Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr He Ser Arg Met Glu Ala 
225 230 235 240 

Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Arg Ser Ser Tyr Pro Leu 
245 250 255 

Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Ala Ala 
260 265 270 

(2) INFORMATION FOR SEQ ID NO: 3: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
TGGTGATGAC ATGCGGCCGC CGGTTTGAT 29 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
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TCATCACTAA TAAGAATTCA CTGGCCG 27 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 183 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 40. .177 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

AAGCTTGCAT GCAAATTCTA TTTCAAGGAG ACAGTCATA ATG AAA TAC CTA TTG 54 

Met Lys Tyr Leu Leu 
275 

CCT ACG GCA GCC GCT GGA TTG TTA TTA CTC GC6 GCC CAG CCG GCC ATG 102 
Pro Thr Ala Ala Ala 61 y Leu Leu Leu Leu Ala Ala Gin Pro Ala Met 
280 285 290 

GCC CAG GTG CAG CTG CAG GTC GGC CTC GAG ATC AAA CGG GCG GCC GCA 150 
Ala Gin Val Gin Leu Gin Val Gly Leu Glu He Lys Arg Ala Ala Ala 
295 300 305 

TGT CAT CAC CAT CAT CAC CAT TAA TAA GAATTC 183 
Cys His His His His His His * * 
310 315 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala 

1 5 .10 15 

Ala Gin Pro Ala Met Ala Gin Val Gin Leu Gin Val Gly Leu Glu He 
20 25 30 

Lys Arg Ala Ala Ala Cys His His His His His His * * 
35 40 45 

(2) INFORMATION FOR SEQ ID NO: 7: 



wo 95/15341 PCT/GB94/02658 

- 52 - 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:!.. 24 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

CAT CAC CAT CAT CAC CAT TAA TAA 24 
His His His His His His * * 
50 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

His His His His His His * * 

1 5 - 
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CLAIMS 

1. An antibody specific for carcinoembryonic 
antigen (CEA) which has a dissociation constant (Kd) of 

5 less than 5.0 nM for said antigen. 

2. An antibody according to claim 1 which binds to 
human colorectal adenocarcinoma but does not bind to the 
following normal tissues: liver, kidney, tonsil, lung, . 

10 brain, testis, ovary, cervix, breast, blood films, 
placenta, spleen, thyroid, oesophagus, stomach, pancreas, 
lymph node and skeletal muscle. 

3. An antibody according to claim 1 or 2 having 
15 complementarity determining regions (CDRs) of the sequences 

shown at the following locations in Figure 3 (SEQ ID No: 
2) : Gly 52 to His 61, Trp 76 to Glu 85, Gly 125 to Tyr 135, 
Ser 185 to His 194, Ser 210 to Ser 216 and Gin 249 to Thr 
257, 

20 

4. An antibody according to claim 1 or 2 having a 
variable heavy (VH) chain region of the sequence from Gin 
27 to Ser 146 of Figure 3 (SEQ ID No: 2) and a variable 
light (VL) chain region of the sequence from Glu 162 to Lys 

25 267 of Figure 3 (SEQ ID No: 2) . 

5 . An antibody according to claim 1 or 2 having a 

variable (V) region of the sequence from Gin 27 to Lys 267 
of Figure 3 (SEQ ID No: 2) . 

30 

6, An antibody according to claim .1 or 2 
comprising the sequence shown in Figure 3 (SEQ ID No: 2). 

7. An antibody according to claim 1 or 2 having 
3 5 CDRs which each have at least 6 0% sequence identity to one 

of the sequences shown at the following locations in Figure 
3 (SEQ ID No: 2) : Gly 52 to His 61, Trp 76 to Glu 85, Gly 
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125 to Tyr 135/ Ser 185 to His 194,. Ser 210 to Ser 216 and 
Gin 249 to Thr 257. 

8 . An antibody according to claim 1 or 2 having VH 

5 and VL chain regions of sequences at least 60% identical to 
the sequences from Gin 27 to Ser 146 and Glu 162 to Lys 267 
of Figure 3 (SEQ ID No: 2) , respectively. 

9. An antibody according to claim 1 or 2 having a 

10.. V region of a sequence at least 60% identical to the 
sequence from Gin 2 7 to Lys 267 of Figure 3 (SEQ ID No: 2) . 

10,. An antibody according to claim 1 or 2 having a 

sequence at least 60% identical to the sequence of Figure 
15 3 (SEQ ID No: 2) , 

11- An antibody according to any one of the 

preceding claims which is a single chain Fv (scFv) 
antibody. 

20 

12. An antibody according to any one of the 

preceding claims which is obtainable from a bacteriophage 
library. 

25 13, An antibody according to any one of the 

preceding claims having an antitumor agent or a detectable 
label attached thereto. 

14 . An antibody according to any one of claims 1 to 

3 0 12 having a free Cys residue at or near its N- or C- 
terminus . 

15. An antibody according to claim 14 wherein ^^'"Tc 

is attached to said Cys residue. 



35 



16 . An antibody according to any one of claims 1 to 

12 having a His tag of at least three consecutive His 
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residues at or near its N- or C-terminus. 

17. An antibody according to claim 13 wherein the 
antitumor agent is an enzyme which activates a prodrug or 
is a cytokine. 

18. An antibody according to claim 17 wherein said 
enzyme which activates a prodrug is bacterial 
carboxypeptidase G2 (CPG2) . 

19. An antibody according to claim 17 wherein said 
cytokine is tumour necrosis factor alpha (TNF-of) . 

20. An antibody according to claim 17 wherein said 
cytokine is interleukin-2 (IL-2) . 

21. A diabody which comprises one variable region 
which is the variable region of an antibody as defined in 
any one of claims 1 to 20. 

22. A DNA molecule encoding an antibody as claimed 
in any one of claims 1 to 14 and 16 to 20. 

23 • . A replicable expression vector comprising a DNA 
molecule as claimed in claim 22, 

24 . A host cell transformed or transf ected with a 
vector as claimed in claim 23 . 

25. A host cell according to claim 24 which is a 
bacterial cell . 

26. A host cell according to claim 25 which is an 
Escherichia coli cell. 

27. A process for producing an antibody as claimed 
in, any one of claims 1 to 14 and 16 to 21, which process 
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comprises 

(i) culturing a host cell as claimed in any one of 
claims 24 to 26 under conditions such that the antibody is 
expressed, and 

(ii) recovering the antibody from the culture. 

28. An antibody as claimed in any one of claims 13 
to 21 for use in a method of treatment of the human or 
animal body by therapy or surgery, or in a method of 
diagnosis practised on the human or animal body. 

29. An antibody as claimed in claim 28 for use in 
treatment by surgery or therapy of a colorectal tumour, or 
in diagnosis of a colorectal tumour. 

30. A pharmaceutical composition comprising an 
antibody as claimed in any one of claims 13 to 21 and a 
pharmaceutically acceptable carrier or diluent. 

31. A method for obtaining a scFv antibody as 
claimed in claim 11, which method comprises 

(i) selecting from a bacteriophage library a 
bacteriophage which expresses said antibody, 

(ii) infecting a bacterial host cell with the 
selected bacteiophage, 

(iii) culturing the host cell under conditions such 
that said antibody is expressed, and 

(iv) recovering said antibody from the culture. 

32. A method according to claim 31 wherein the 
bacteriophage library is made by 

(a) immunizing an animal with CEA, 

(b) obtaining lymphocytes from the animal, 

(c) preparing cDNAs encoding antibody VH and VL 
regions from the mRNA of the lymphocytes, 

(d) joining VH and VL coding regions by a 
sequence encoding a linker, and 
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{f ) inserting the joined regions into 
bacteriophage , 



5 33. A method for purifying an antibody comprising 

a His tag as claimed in claim 16 from a biological liquid, 
which method comprises 

(i) . contacting a solid support containing metal 
ions with the biological liquid under conditions such that 

10 the antibody binds to the support, 

(ii) removing biological liquid which is not bound 
to the support, and 

(iii) recovering the antibody from the support. 

1^ 34. A method according to claim 33 wherein the 

metal ions are Cu^* ions . 

35. . A method according to claim 33 or 34 wherein 
the solid support is the matrix of an affinity 
2 0 chromatography column. 

.36. A method for treating a patient having a 

colorectal tumour, which method comprises administering to 
the patient an antibody as claimed in claim 1 having an 
25 antitumour agent attached thereto. 

37. A method for detecting a colorectal tumour in 

a patient, which method comprises 

(i) administering to the patient an antibody as 
30 claimed in claim 1 having a detectable label attached 

thereto, and 

(ii) detecting the label. 
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